The suspensions of sulfonylurea glyburide (glibenclamide) are compounded extemporaneously for patients suffering from transitional and Permanent Neonatal Diabetes mellitus (PND). The purpose of this study is to compare the stability of three different galenic liquid formulations compounded from tablet containing glibenclamide. The samples were stored at refrigerated (2-8°C) and room temperature and analyzed at different times. All formulations analysed are stable for at least 90 days, but only two guarantee the administration responding to prescription, especially when it comes to giving dosages very small.
INTRODUCTION
The glibenclamide, a sulphonylurea, comes as a white crystalline powder, insoluble in water and sparingly soluble in alcohol and methanol. His pharmacological action take place in the short term and long-term. In the first phase of treatment the drug increases very quickly insulin secretion from pancreatic beta cells. Long-term action the main tasks are to intensify the action of insulin in the peripheral tissues. It is therefore used to treat type 2 diabetes and PND. The PND occurs typically in the first months of life and needs insulin treatment. In recent years has been discovered the connection between PND and the mutation of a gene affecting potassium channels KIR 6.2 of pancreatic beta cells [1] [2] [3] [4] [5] (Figure 1) .
It was discovered that glibenclamide, used to treat type 2 diabetes, could also work to secrete insulin at children with mutation of KIR channels. PND by KIR gene mutation [6] [7] [8] [9] represents a model of high importance given the opportunity to treat patients with oral hypoglycemic agents otherwise condemned to practice insulin for life. We have studied the stability of three formulations normally used in Italian paediatric hospital compounded from tablets; they are called Formulation A, Formulation B and Formulation C. The compositions are reported below:
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Method of Preparation of Formulation A

1.
Reduce medicaments in very fine powder, possibly micronisers. The particle size of powders greatly influences the absorption of active ingredients;
2.
Disposing of freshly boiled water will take about 25 ml and loose preservatives, system buffer and sodium saccharin;
3.
Aside prepare the mucilage dispersing the xanthan gum and dust of the tablets in a mortar where we previously mixed glycerol and sorbitol;
4.
Add the mucilage obtained and small portions of the aqueous solution and bring to volume with the remaining water in a graduated container.
5.
Packaging and labelling.
Method of Preparation of Formulation B
For staging have proposed the following procedure:
1.
In the mortar accurately pulverize 150 tablets to obtain a powder with a uniform particle size;
2. Add to subsequent rates 140 ml of water for injections wetting the dust initially with a little water to avoid lumps and diluting then gradually the mass obtained with the gradual homogenization;
3.
Withdraw twice 50 ml of suspension with a syringe and transfer in a dark glass bottle, using a new container or clean and reuse one previously used for the same preparation;
4.
Pick up the remaining 50 ml syringe;
5.
Tap the syringe with protective red cover;
6. Labeled vial and syringe;
7.
Noted on recipe the details of the preparation (batch and expiry Euglucon or Gliben 5 mg used). On the label we recommend shake before use, make sure the powder is suspended and suspension has validity of one month.
Method of Preparation of Formulation C
1.
Calculate the quantity of each component necessary for the preparation;
2.
Crush glibenclamide tablets using possibly a micronizer, in order to reduce the size of the particles below 100 microns and use a sieve;
3.
Add in a mortar a portion of the Ora-Sweet SF and mix with the dust; then put the suspension obtained a graduated container; add in the mortar another portion of Ora-Sweet SF. In this way we make a wash of instruments (mortar and pestle). Finally we make up to volume in that graduated container and continue mixing.
4.
Packaging and label.
Analytical Methods
The analytical method for the quantitative determination of glibenclamide was developed by the Regional Quality Control Laboratory(RQCL) from data in the literature (2-6).
The chemicals (Water, Methanol and Formic Acid 96%, all LC-MS grade), were obtained from SigmaAldrich (St. Louis, Missouri, U.S.).
Quantitative determination of glibenclamide was performed with HPLC-MS/MS analytical technique (High Pressure Liquid Chromatography -Mass Spectrometry) by HPLC [10] [11] , Agilent Technologies 1100 series, and detected by means of a 6410 triple quadrupole mass spectrometer (Santa Clara, California, USA) by monitoring all selective ions. The drug were detected after Electro-Spray Ionization (ESI) in positive mode by Multiple Reaction Monitoring (MRM) [12] [13] [14] [15] . The limit of detection (LOD) were 0.5 pg. The glibenclamide in extemporaneous formulations samples, prepared as described above in "Sample manipulation and dilution in order to the quantitative determination", was quantified using the equation obtained for each session analysis with four scalar concentrations of standard solutions.
The Table 2 lists analytical parameters of the method adopted. The LOQ (Limit of Quantification) of the method on the tested range of linearity was 2.5 pg. The linearity was studied in a range of concentrations between 0,0005 g/ml to 50 g/ml . The concentrations between 0,05 g/ml and 2 g/ml show a linearity with r = 0.9997.
Precision studies have been estimated by quantification of three scalar concentrations (0.3, 0.6 and 0.9 g/ ml) with intra-day test (verifying repeatability) and inter-day (intermediate precision study). The CV has been consistently lower than 5%.
Stability Study
Three samples of formulation A, B and C were prepared. All the samples were tested at time zero with the following described and then each sample was divided into two homogeneous portions one of which stored at room temperature and the other refrigerate at 2-8° C.
All the bottles were manipulated in the times below indicated to get the solution to the required concentration (0.5 g/ml) in accordance with the conditions described above, at the times 0-3-7-14-21-30-45-60-90 days. Samples diluted to 0.5 g/ml were analyzed using HPLC-MS/MS in duplicate.
Sample Manipulation and Dilution in Order to the Quantitative Determination
The bottles were signed: A-room temperature, Arefrigerated; B-room temperature, B-refrigerated; Croom temperature, C-refrigerated.
Before dilution are handled as follows: a.
Remove dropper cap after discharge and replacement with a screw cap.
b. Shaking vigorously for 10 seconds and then to overthrow 10 times.
c. Immediate transfer in a tube by 13 ml for pH measurement with potentiometer and universal pH map 1-14 (only the first time at time "zero").
d. Reunion of the taken portion for pH measurement with the rest of the suspension.
Dividing of the sample into two portions by around 50 ml in amber bottles; one of which is kept refrigerated (2-8° C) and the other at room temperature (22-25° C).
Dilution of the Three Formulations
Before arranged dilution in order to bring all three formulations at a concentration suitable for quantitative analysis in HPLC-MS/MS, each sample is shaked as indicated above in subparagraph b. Subsequently operations differ in three series:
A-Formulation (0.1 mg/ml)
Withdraw from the center of the mass with a disposable Pasteur pipette, of a quantity sufficient for the analytical balance to weigh 0.5 g of the suspension (directly on the tube from 13 ml); Add 9.5 ml of methanol and shake on vortex for 30 seconds;
Wait 15 minutes and new shaking on vortex for 10 seconds; Withdraw 0,1 ml of the dilute solution make up to 1 ml with methanol. This diluted solution has a concentration of 0.5 g/ml.
B-Formulation (5 mg/ml)
Withdraw from the center of mass with a Gilson calibrated pipette 0,5 ml of suspension that are deposited in a test tube by 13 ml together with the disposable tip; Add 4.5 ml of methanol and shake on vortex for 30 seconds;
Wait 15 minutes and new shaking on vortex for 10 seconds;
Withdraw with graduated pipette 0.1 ml of the dilute solution make up to 10 ml with methanol. This diluted solution has a concentration of 5 g/ml;
Shake on vortex for 10 seconds;
Withdraw with graduated pipette 0,1 ml of the diluted solution make up to 1 ml with methanol. This diluted solution has a concentration of 0.5 g/ml.
C-Formulation (0.2 mg/ml)
Withdraw from the center of mass with a disposable Pasteur pipette of a quantity sufficient for the analytical balance to weigh 0.5 g of the suspension (directly on the tube from 13 ml); Add 9.5 ml of methanol and shake on vortex for 30 seconds;
Withdraw with syringe Hamilton 40 l of dilute solution making up to 800 l with methanol. This diluted solution has a concentration of 0.5 g/ml.
Preparation of Standard Reference
Methanol is chosen as a solvent since glibenclamide is readily soluble in organic solvents.
Glibenclamide as purified active substance is not commercially available on market of pharmaceutical grade substances; for these reason we used to extract the drug from the marketed medicinal product used for the study. The procedure for the extraction was the following: 1 tablet of 5 mg of speciality GlibenR is finely shredded on mortar, adding 10 ml of methanol in the mortar, the suspension is amalgamated, poured into the graduated cylinder, wash repeatedly mortar and pestle with 5-8 ml of methanol for five times, make up to 50 ml with methanol. The solution is shaked and one part is filtered on 0.22 um filters. The filtered solution is further diluted to 0.5 ug/ml; divided into 10 fractions of 1 ml and put to -20° C. In each analysis session, at the times specified below, a fraction was used as external reference standard for the quantification of the active ingredient in the samples analyzed. 
RESULTS AND DISCUSSION
The study allows to evaluate the stability in time of formulations of glibenclamide, with two modes of preservation, from three different formulations.
Stability data are encouraging. They document that all the analyzed formulations are stable for at least 90 days as reported in Tables 3 and 4 .
We reported the percentual variation in Tables 6, 7 and 8.
The statistical analysis shows that the stability is acceptable for all three formulation.
As shown in Table 5 , there is no significant difference between the samples stored at room temperature or at 2-8 °C within each series. The stability study instead shows significant differences between the sample A and sample B or C regardless of the storage temperature ( Table 9) .
A-formulation, presents values on the rise in the days following the time "zero": this is not readily interpretable, since it assumes that the concentration can only diminish for effect of the degradation of the active substance and does not increase. However we must not forget that we analyze a suspension in a gel form and thickened. It is not to exclude the possibility that the viscosity of suspension can change over time, making the active ingredient more available for dissolution in methanol. Secondly it is possible that the solvent used for preparation of the active ingredient (methanol) is less efficient in the period immediately after preparation of more dense suspension (A).
B-formulation, while presenting a better stability, is subject to risk of underdosing or overdosing because of strong dependence on the mode of agitation and withdrawal times after shaking the bottle. Therefore, we hypothesize that at time "zero" the real concentration in A-formulation is at least equal to that observed in 90 days.
Refrigeration does not provide a significant improvement to the stability of the three formulations. The preservation of preparations in the refrigerator at 2-8° C ensures a reduction of microbial growth but does not affect the stability of galenic preparation.
Alternatively to the previous formulation that as we will see from the figures that follow shows to have major problems of physical stability, are proposed A and B formulations that, despite having a different title of glibenclamide from the previous, are very stable.
Suggestions and Proposals
a.
the B-formulation appears too concentrated and therefore unfit to administration in age groups where dosages are extremely low; moreover the sedimentation speed is such as make actually unsuitable the dose administered from time to time.
b. both A and C-formulation are suitable for use in clinical practice. The C-formulation is more rapid setting using a base ready. The A solution is economically advantageous to the user. 
